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Objective: To evaluate the effectiveness of the National Health Screening Program for In-
fants and Children (NHSPIC) in the early diagnosis of neurodevelopmental disorders (NDDs)
utilizing data from the National Health Insurance Database of South Korea.

Methods: We enrolled children born between 2011 and 2018 who completed the first to
fourth stages of the NHSPIC. A positive finding was defined as a recommendation for further
evaluation during one or more stages. Participants were categorized into the positive and
negative finding groups. Following 1:1 propensity score matching, 82,138 participants were
assigned to each group.

Results: Comparative analysis revealed that participants with positive findings exhibited a
higher risk of developing all seven NDDs, particularly for autism spectrum disorder (hazard
ratio [HR], 19.70; 95% confidence interval [Cl], 17.48-22.20), intellectual disability (HR,
17.11; 95% Cl, 14.69-19.93), developmental language disorder (HR, 11.74; 95% Cl, 10.73-
12.84), and cerebral palsy (HR, 11.34; 95% Cl, 8.67-14.84). The HR for learning disability was
4.31 (95% Cl, 2.94-6.34), whereas attention-deficit hyperactivity disorder had an HR of 3.57
(95% Cl, 3.37-3.78). Tic disorder had the lowest HR (HR, 1.64; 95% Cl, 1.48-1.82). Addition-
ally, HRs were calculated for each NHSPIC stage, demonstrating the utility of specific stages
in the early detection of each NDD.

Conclusion: Developmental screening tests in the NHSPIC contributed to the early diagnosis
of NDDs. This study underscores the significance of the NHSPIC and provides foundational
evidence to inform and enhance policies related to child health screenings.
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mains, including gross and fine motor skills, speech and lan-

guage, cognition, social functioning, and activities of daily living

Neurodevelopmental disorders (NDDs) encompass a broad
spectrum of conditions that affect various developmental do-
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[1]. Early assessment and intervention are pivotal in optimizing
outcomes in children with NDDs, with the critical window of
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opportunity occurring during the early stages of brain devel-
opment [2]. Early detection is essential for timely interven-
tion, prompting the implementation of various developmental
screening programs worldwide.

Since the early 2000s, South Korea’s declining birth rate and
aging population have underscored the need to strengthen so-
cial support systems for childbirth and child-rearing. However,
until the early 2000s, national screening programs had not been
implemented. In contrast, countries such as Japan, Germany,
and the United States had already established developmental
screening programs with age-specific, professional assessments
[3-5]. Based on the precedents, the National Health Screening
Program for Infants and Children (NHSPIC) was launched
in November 2007, incorporating examiner-led assessments
alongside caregiver questionnaires.

The NHSPIC consists of seven screening stages conducted
from 4 to 71 months of age, with an additional newborn stage
introduced in 2021. The first stage included a medical history,
physical examination, and measurements, whereas devel-
opmental screening tests were added from the second stage.
Supplementary Table S1 presents the schedule and detailed
developmental domains of each stage, based on developmen-
tal screening with the Korean version of the Ages and Stages
Questionnaire and the Korean Developmental Screening Test
(K-DST). During the screening process, the examiner evaluates
whether the caregiver has overestimated the child’s develop-
mental progress or provided inconsistent responses. If neces-
sary, the child may be required to perform the assessment items
directly as part of the screening. Furthermore, if a definitive
concern, such as developmental delay, is identified through his-
tory taking and evaluations, further evaluation may be recom-
mended, even in cases where a “need for follow-up” is indicated
by the surveillance tool.

Previous studies have examined the effectiveness of devel-
opmental screening tests in diagnosing NDDs. One study
confirmed the reliability and validity of the K-DST within
the NHSPIC but did not establish its clinical effectiveness [6].
Another study examined the rate of developmental disorder
diagnoses after positive NHSPIC results, yet it did not directly
assess the program’s impact on NDD diagnosis [7]. According-
ly, further research is needed to evaluate the effectiveness of
the NHSPIC. To date, no research has quantitatively compared
NDD incidence between children with and without positive
NHSPIC findings. Therefore, this study aims to evaluate the
strength of the association between NHSPIC results and early
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detection of NDDs, thereby clarifying the program’s clinical sig-

nificance.

METHODS

Data collection

We conducted a nationwide, population-based analysis using
data from the National Health Information Database (NHID).
The NHID is provided by the National Health Insurance Ser-
vice, the sole public medical insurance provider in South Korea,
covering over 99% of the Korean population. The NHID in-
cludes comprehensive records of sociodemographic variables,
healthcare utilization, and clinical diagnoses.

NDDs included in this study

The NDDs included in the analysis were cerebral palsy (CP),
developmental language disorder (DLD), intellectual disability
(ID), learning disability (LD), autism spectrum disorder (ASD),
attention-deficit hyperactivity disorder (ADHD), and tic dis-
order. These conditions were identified using corresponding
diagnostic codes of the International Classification of Diseases,
Tenth Revision (Supplementary Table S2). The occurrence of
an NDD was defined as either two outpatient visits or one hos-
pitalization, in which the relevant diagnostic code was listed as
the primary or first secondary diagnosis.

Participants
We included all children born between 2011 and 2018 and
followed them up until 2022 using data from the NHID. We
included children who completed all screening stages from the
first to the fourth, up to 36 months of age, to assess the effec-
tiveness of early diagnosis of NDDs through the NHSPIC. A
positive finding was defined as receiving a recommendation for
further evaluation in one or more of the second to fourth stages,
which was based on scoring below -2 standard deviations. Chil-
dren who did not receive further evaluation recommendations
in any of these stages were classified as having a negative find-
ing. A 1:1 propensity score matching was performed between
the two groups to control for potential confounding variables
that could influence the occurrence of NDDs. The variables
included in the matching process were birth year, sex, birth
weight, prematurity, residential area, and income group (based
on insurance premium percentiles).

We included only cases where an NDD was diagnosed after
the screening in our analysis to focus on the ability of NHSPIC
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to detect NDDs. Participants in the positive finding group who
had been diagnosed with an NDD before receiving a positive
finding were excluded (Fig. 1). Participants from the negative
finding group who were matched with these excluded individu-
als were omitted from the analysis. Furthermore, any deceased
participants, along with their matched counterparts, were
excluded to ensure accurate comparisons. Given the differing
observation periods for each participant, the analysis specifi-
cally accounted for the time from the index date to the NDD
diagnosis for each individual. For the positive finding group,
the index date was defined as the date when the positive finding
was first identified in the developmental screening test. For the
negative finding group, the index date was defined as the date
corresponding to when their matched counterpart in the posi-
tive finding group first exhibited a positive finding.

Statistical analysis
Demographics before and after propensity score matching were
compared between the positive and negative finding groups.
Categorical variables are presented as numbers and percentag-
es. There were no continuous demographic variables. We used
the chi-square test to compare categorical variables. Propensity
scores were calculated using a multivariable logistic regression
model. We performed 1:1 nearest neighbor matching with a
caliper width of 20% of the estimated propensity scores. We
used Cox proportional hazards models to estimate hazard ratios
(HRs) with corresponding 95% confidence intervals (CIs). A
two-sided p-value<0.05 was considered statistically significant.
All statistical analyses were performed using SPSS Statistics ver-
sion 26 (IBM Corp.).

The Institutional Review Board of National Health Insur-

National Health Screening Program for Infants and Children in NDDs

ance Service Ilsan Hospital reviewed and approved this study
(NHIMC 2023-03-029). The ethics committee waived the need

for written consent.

RESULTS

Among the 3,181,991 children born between 2011 and 2018,
1,623,927 who completed all NHSPIC screenings up to 36
months were included. Of these, 1,541,789 were classified as the
negative finding group, whereas 82,138 were classified as the
positive finding group. Following 1:1 propensity score match-
ing, 82,138 participants were retained in each group (Fig. 2).

Table 1 presents the demographic factors of the two groups
before and after propensity score matching. Significant differ-
ences were observed between the two groups in the crude anal-
ysis prior to matching. Both groups had a higher proportion of
males than females, with the positive finding group showing a
significantly higher proportion of males than the negative find-
ing group. In terms of birth weight, the majority of participants
in both groups weighed between 2.5 and 3.5 kg, followed by
those weighing >3.5 kg, with the smallest proportions in the
1.5-2.5 kg and <1.5 kg categories. Prematurity rates were sig-
nificantly higher in the positive finding group (7.28%) than in
the negative finding group (3.82%). However, after propensity
score matching, no statistically significant differences were ob-
served between the two groups.

The incidence rates of each NDD among the remaining par-
ticipants were compared between the two groups, revealing sig-
nificant differences across all NDDs (Table 2). The comparative
analysis, conducted through Cox proportional hazards model,
revealed high HRs for diagnoses of several NDDs, particularly

Fig. 1. Schematic timeline of the study process. NDD, neurodevelopmental disorder.
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3,181,991 All children born
from 2011 to 2018

fourth

1,623,927 Children who underwent
every screening from the first to the

1,541,789 Negative
finding group
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for ASD (HR, 19.70; 95% CI, 17.48-22.20), ID (HR, 17.11; 95%
CI, 14.69-19.93), DLD (HR, 11.74; 95% CI, 10.73-12.84), and
CP (HR, 11.34; 95% CI, 8.67-14.84). LD had an HR of 4.31
(95% CI, 2.94-6.34), whereas ADHD had an HR of 3.57 (95%
CI, 3.37-3.78). Tic disorder showed the lowest HR among the
NDDs (HR, 1.64; 95% CI, 1.48-1.82) (Table 2, Fig. 3).

To further analyze which stages of the NHSPIC indicate
a higher risk for each NDD, HRs were calculated for each
screening stage (Table 3, Fig. 4). For CP, the HR progressively

decreased from the second to the fourth screening stage. In

82,138 Positive
finding group

‘ 1:1 Propensity

score matching ’

82,138

contrast, HRs for ID, DLD, and ASD increased from the second
to the fourth stage. ADHD showed no substantial difference in

HR across the stages, although a slightly increasing trend was

observed. The HRs for LD and tic disorder remained consistent

across the second to fourth screening stages.

A

A4

82,138

Fig. 2. Flow chart of the study population selection.

DISCUSSION

In this study, stratification was performed based on demo-

graphic characteristics, including birth year, sex, birth weight,

Table 1. Demographic factors before and after propensity score matching

Crude analysis Post-propensity score matching
Demographic factor Negative finding  Positive finding p-value Negative finding  Positive finding  p-value
(N=1,541,789) (N=82,138) (N=82,138) (N=82,138)
Birth year 2011 146,119 (9.48) 3,976 (4.84) <0.001 3,973 (4.84) 3,976 (4.84) >0.99
2012 182,598 (11.84) 6,664 (8.11) 6,661 (8.11) 6,664 (8.11)
2013 183,106 (11.88) 7,699 (9.37) 7,698 (9.37) 7,699 (9.37)
2014 194,625 (12.62) 10,951 (13.33) 10,959 (13.34) 10,951 (13.33)
2015 220,277 (14.29) 12,719 (15.48) 12,717 (15.48) 12,719 (15.48)
2016 214,788 (13.93) 13,465 (16.39) 13,466 (16.39) 13,465 (16.39)
2017 207,008 (13.43) 13,354 (16.26) 13,354 (16.26) 13,354 (16.26)
2018 193,268 (12.54) 13,310 (16.20) 13,310 (16.20) 13,310 (16.20)
Sex Male 780,062 (50.59) 56,360 (68.62) <0.001 56,374 (68.63) 56,360 (68.62) 0.94
Female 761,727 (49.41) 25,778 (31.38) 25,764 (31.37) 25,778 (31.38)
Birth weight (kg) <15 3,225 (0.21) 669 (0.81) <0.001 671 (0.82) 669 (0.81) >0.99
1.5-2.5 68,735 (4.46) 6,139 (7.47) 6,137 (7.47) 6,139 (7.47)
2.5-35 1,067,130 (69.21) 55,046 (67.02) 55,048 (67.02) 55,046 (67.02)
>3.5 402,699 (26.12) 20,284 (24.70) 20,282 (24.69) 20,284 (24.70)
Prematurity Yes 58,958 (3.82) 5,978 (7.28) <0.001 5,971 (7.27) 5,978 (7.28) 0.95
No 1,482,831 (96.18) 76,160 (92.72) 76,167 (92.73) 76,160 (92.72)
Residentialarea  Seoul 296,065 (19.20) 15384(18.73)  <0.001 15,377 (18.72) 15,384 (18.73)  >0.99
Metropolitan cities 395,232 (25.63) 22,311 (27.16) 22,309 (27.16) 22,311 (27.16)
Others 850,492 (55.16) 44,443 (54.11) 44,452 (54.12) 44,443 (54.11)
Income group First (lowest) 2,633 (0.17) 364 (0.44) <0.001 347(0.42) 364 (0.44) 0.98
Second 141,755 (9.19) 8,388 (10.21) 8,381 (10.20) 8,388 (10.21)
Third (middle) 294,818 (19.12) 17,168 (20.90) 17,184 (20.92) 17,168 (20.90)
Fourth 648,822 (42.08) 34,324 (41.79) 34,332 (41.80) 34,324 (41.79)
Fifth (highest) 453,761 (29.43) 21,894 (26.66) 21,894 (26.66) 21,894 (26.66)
Values are presented as number (%).
65
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Table 2. Comparison of diagnosis for NDDs between the negative and positive finding groups

Clinical diagnosis UotzT number gien Negative finding Positive finding p-value HR (95% CI)
exclusion
CP 81,544 58(0.07) 658 (0.81) <0.001 11.34 (8.67-14.84)
ID 82,025 184 (0.22) 2,999 (3.66) <0.001 17.11 (14.69-19.93)
DLD 80,814 542 (0.67) 6,098 (7.55) <0.001 11.74(10.73-12.84)
LD 82,136 32(0.04) 138(0.17) <0.001 4.31(2.94-6.34)
ASD 81,343 299 (0.37) 5,586 (6.87) <0.001 19.70 (17.48-22.20)
ADHD 82,097 1,583 (1.93) 5,396 (6.57) <0.001 3.57(3.37-3.78)
Tic disorder 82,123 588 (0.72) 958 (1.17) <0.001 1.64 (1.48-1.82)

Values are presented as number (%).

NDDs, neurodevelopmental disorders; CP, cerebral palsy; ID, intellectual disability; DLD, developmental language disorder; LD, learning disability; ASD,
autism spectrum disorder; ADHD, attention-deficit hyperactivity disorder; HR, hazard ratio; CI, confidence interval.

Fig. 3. Forest plot of hazard ratios and confidence intervals for NDDs. NDDs, neurodevelopmental disorders; CP, cerebral palsy;
ID, intellectual disability; DLD, developmental language disorder; LD, learning disability; ASD, autism spectrum disorder; ADHD,

attention-deficit hyperactivity disorder; Tic, tic disorder.

prematurity, residential area, and income group, which could be
associated with the occurrence of NDDs. The crude analysis re-
vealed that the positive finding group had a significantly higher
proportion of male individuals than the negative finding group.
This result aligns with previous findings that male sex is a risk
factor for NDDs, such as DLD, ASD, and ADHD, which have a
higher prevalence in male individuals [8-10]. Preterm birth can
affect all aspects of neurological development. Therefore, pre-
maturity and birth weight, as factors related to preterm delivery,
were selected as demographic factors [11]. Compared with the
negative finding group, the positive finding group showed a
significantly higher proportion of prematurity and low birth
weight. Low socioeconomic status has been significantly associ-
ated with the occurrence of NDDs, such as CP, DLD, and ID. In
this study, the positive finding group had a significantly higher
proportion of individuals in the low-income group than the
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negative finding group [12-14].

CP, ID, DLD, and ASD showed high HRs in the comparative
analysis, suggesting that the developmental screening items in
the NHSPIC are closely associated with the clinical manifesta-
tions of these conditions. A previous cross-tabulation analysis
comparing existing tools for assessing language development
and autism with the K-DST confirmed a correlation between
the K-DST results and the severity of autism and language
delays, as measured by the existing tools [15]. The result is con-
sistent with our findings, showing that the diagnostic rates of
DLD and ASD were highly correlated with positive findings in
the developmental screening tests. In contrast, another study
discovered that the screening effectiveness of the NHSPIC was
lower for CP, ID, and ASD compared with other NDDs, poten-
tially owing to the higher proportion of children who either did

not undergo screening or were already diagnosed for these con-



Table 3. HRs and CIs of NDDs for each stage
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Clinical diagnosis 2nd (9-12 mo)

3rd (18-24 mo) 4th (30-36 mo)

HR (95% CI)

cP 16.84 (11.25-25.21)
D 11.94 (8.97-15.89)
DLD 5.52 (4.72-6.46)
LD 4.50 (1.86-10.90)
ASD 9.26 (7.45-11.50)
ADHD 2.27 (2.03-2.53)

Tic disorder 1.41(1.16-1.73)

9.60 (5.64-16.34)
17.79 (13.49-23.46)
13.04 (11.20-15.17)

3.80 (1.89-7.63)
23.27 (18.89-28.67)

3.79 (3.39-4.22)

1.81 (1.50-2.18)

5.17 (3.12-8.56)
20.31 (16.00-25.77)
17.80 (15.12-20.96)

4.56 (2.66-7.84)
25.75 (21.11-31.42)

4.36 (4.00-4.75)

1.68 (1.44-1.96)

HRs, hazard ratios; CIs, confidence intervals; NDDs, neurodevelopmental disorders; CP, cerebral palsy; ID, intellectual disability; DLD, developmental
language disorder; LD, learning disability; ASD, autism spectrum disorder; ADHD, attention-deficit hyperactivity disorder.

2nd (9-12 mo)
3rd (18-24 mo)
4th (30-36 mo)

Fig. 4. Forest plot of hazard ratios and confidence intervals of NDDs for each stage. NDDs, neurodevelopmental disorders; CP,
cerebral palsy; ID, intellectual disability; DLD, developmental language disorder; LD, learning disability; ASD, autism spectrum
disorder; ADHD, attention-deficit hyperactivity disorder; Tic, tic disorder.

ditions before obtaining positive findings during the screening
[7]. In our study, we only included participants who received a
diagnosis after NHSPIC screening to focus on the screening ef-
fectiveness. This approach may explain the differences between
our findings and those of previous studies.

The HRs for LD and ADHD were 4.31 and 3.57, respectively,
showing significantly higher diagnostic rates in the positive
finding group compared with the negative finding group.
However, these HRs were lower than those for other diseases.
As LD is diagnosed when impairments are observed in spe-
cific academic domains such as reading, written expression,
or mathematics, the clinical manifestations suggesting LD are
challenging to detect before school age [16]. According to a
previous systematic review, the reported age of onset for ADHD

ranges from 2.25 to 7.5 years, whereas the age of diagnosis rang-
es from 6.2 to 18.1 years. Even when symptoms are suspected, a
minimum observation period of 6 months is typically required,
leading to a relatively late diagnosis [17]. Therefore, evaluations
conducted after 36 months of age may be more meaningful for
screening LD and ADHD. Further examination is needed to
analyze whether the developmental screening tests in the sixth
to eighth stages of the NHSPIC (up to 71 months) can diagnose
LD and ADHD.

The HR for tic disorder was 1.64, which is relatively close
to 1. Tic disorder is characterized by sudden, rapid, recurrent,
non-rhythmic, and stereotyped motor movements or vocal-
izations [18,19]. The gross motor, fine motor, and language
domains are used to evaluate a child’s ability to perform devel-
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opmentally appropriate tasks for their age. Thus, the character-
istics required for diagnosing tic disorder are difficult to detect
through developmental screening tests, potentially explaining
the relatively low HR observed.

Previous studies have demonstrated that early diagnosis
and intervention in NDDs can substantially influence clinical
outcomes. Early and diagnostic-specific interventions in chil-
dren with CP are essential to optimize neuroplasticity, improve
functional abilities, and prevent secondary complications [20].
In children with ASD, early intervention can reduce develop-
mental and behavioral barriers to participation in educational
contexts [21]. A study by Carter et al. [22] emphasized the
importance of early diagnosis and intervention for NDDs, par-
ticularly global developmental delay, ID, and ASD, through the
differentiation of genetic and metabolic diseases. The efficacy
of evaluation tools for diagnosing NDDs has been investigated.
One study using receiver operating characteristic curve analysis
demonstrated a high accuracy of the K-DST in screening for
CP, DLD, ASD, and ID [6]. Another study on the screening ef-
fectiveness of the developmental screening tests in the NHSPIC
divided participants into groups based on the presence of
positive findings and whether NDD was diagnosed, and then
calculated diagnosis rates to analyze the effect [7]. However, to
our knowledge, no previous studies have quantitatively assessed
the correlation between NHSPIC results and the early diagnosis
of NDDs using HRs. In this study, we examined the strength of
the association between the developmental screening tests of
the NHSPIC and NDD diagnosis in children aged <36 months,
thereby confirming that the NHSPIC contributes to the early
diagnosis of NDDs.

Further, we aimed to determine the NHSPIC stage that is most
strongly associated with the diagnosis of each NDD. Previous re-
search has not analyzed the relationship between specific stages
of the NHSPIC and NDD diagnosis. The HR for CP was highest
in the second stage of the NHSPIC, possibly because of the rela-
tively younger age at which CP is diagnosed. A study on referral
age for CP diagnosis reported an average referral age of 16.6
months, with 57% of children referred before 12 months [23].
In contrast, the HR for ID, DLD, ASD, and ADHD increased
as the children aged. These conditions are diagnosed based on
assessments of language, cognitive function, and social behavior.
The domains related to language, cognitive function, and social
behavior in developmental screening tests become progressively
more complex and challenging as a child’s age increases, facilitat-
ing the identification of children with these conditions. There-
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fore, as the stages of the NHSPIC progress, the association with
the occurrence of diagnoses may become stronger.

The checkup rate for NHSPIC is 80.7%, the highest among
health screening programs conducted in South Korea [24].
However, no policies or institutional systems can directly link
in-depth medical consultations following the screening. Addi-
tionally, the actual rate of hospital visits after receiving abnor-
mal findings from the screening remains unknown. Our find-
ings provide foundational data for strengthening institutional
support and policies related to health screenings and in-depth
medical evaluations for children.

Limitations

This study has several limitations. First, the observation periods
for participants varied. To address this, we used HRs for analy-
sis and performed 1:1 propensity score matching for birth year
and screening period. Second, we did not consider the specific
domain of the developmental screening test that resulted in a
positive finding. Another limitation arises from the structure of
the NHSPIC: children who receive a positive finding but do not
undergo further evaluation cannot subsequently be diagnosed
with an NDD. Consequently, even if they are likely to have an
NDD, they are not classified as such in diagnostic codes, result-
ing in potential false positives attributable to program design.
Finally, this study focused on early diagnosis of NDDs by an-
alyzing the NHSPIC stages for children aged 4-36 months, al-
though the NHSPIC extends to children aged up to 71 months.
Therefore, future studies should include screenings after the
fourth stage, particularly for detecting conditions, such as LD
and ADHD, which are generally diagnosed at relatively older
ages.

Conclusions

We confirmed that the risk of being diagnosed with specific
NDDs was significantly higher in the group that received a rec-
ommendation for further evaluation from the developmental
screening tests of the NHSPIC compared with those who did not.
Additionally, we analyzed the NHSPIC stages most strongly asso-
ciated with each NDD diagnosis. Consequently, our findings con-
firm the substantial contribution of the developmental screening
tests in the NHSPIC to the early diagnosis of NDDs. This study
provides evidence of the importance of the NHSPIC and serves
as foundational data for strengthening policies related to child
health screenings and comprehensive medical evaluations.
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